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Abstract Characterization of Pisum (pea) seed trypsin inhib- 
itors (TI) and their corresponding cDNAs indicates that the pea 
TI gene family contains two genes. The existence of multiple TI 
isoforms can be attributed to post-translational modifications of 
primary gene products. Post-translational processing at the C- 
terminus during the desiccation stage of seed development results 
in the appearance of TI isoforms with increased affinity for the 
target enzyme, trypsin. 
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I. Introduction 
Legume seeds contain a variety of compounds that are con- 
sidered to be antinutritional due to their negative effects on 
animal digestion and/or growth. Some of these compounds are 
relatively abundant in certain species and, in general, limit the 
extent to which legume seeds are included in animal diets. In 
Pisum (pea) seeds, the predominant antinutritional compounds 
are considered to be the enzyme inhibitors, a group of proteins 
that are potent inhibitors of animal digestive nzymes in vitro. 
The inhibitors of trypsin and chymotrypsin have received atten- 
tion in several species and have been classified into several 
groups, based on sequence homologies [1]. 
Apart from the antinutritional properties of enzyme inhib- 
itors, however, it is clear that these proteins can play beneficial 
roles in plants. The clearest example of such benefits is in 
transgenic plants, where resistance to insect attack has been 
demonstrated, as a result of transfer of heterologous trypsin 
inhibitor genes [2-4]. In addition, many enzyme inhibitors are 
proteins which are rich in sulphur-containing amino acids. It 
is of interest, therefore, to define seed enzyme inhibitors in 
terms of their beneficial as well as their antinutritional proper- 
ties. Where heterogeneous seed inhibitors exist, the removal of 
some and retention of others may provide for optimal improve- 
ment of seed protein quality. In order to assess the potential for 
such a strategy in pea, a biochemical, genetic and molecular 
characterization of the inhibitor family is necessary. We have 
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purified some of the pea seed trypsin inhibitor (TI) proteins 
previously and shown by N-terminal sequence analysis that 
they belong to the Bowman-Birk inhibitor family [5]. Genetic 
studies have indicated that the major pea seed TI are encoded 
by genes which are closely linked [6]. In this paper, we describe 
the molecular characterization of the pea TI gene family in 
terms of gene and gene product complexity. 
2. Materials and methods 
2.1. Plant material 
The P sativum genotypes, JI 2, JI 102, JI 516, JI 868, JI 1298, JI 2338 
and cv. Birte, were from the John Innes germplasm collection. Flowers 
were tagged on the day they fully opened and seeds were harvested at 
a variety of developmental stages from plants grown in the greenhouse. 
Testas were removed, the embryos were frozen in liquid nitrogen and 
stored at -70°C. 
2.2. Analysis of Tl polypeptides 
Pooled seed samples at various developmental stages were freeze- 
dried, extracted in 3.5 mM HC1 and the extracts dialyzed against water 
and freeze-dried. Samples were analyzed by polyacrylamide g l-electro- 
phoresis (PAGE) on 15% gels and the gels stained for TI activity, as 
previously described [5,7]. 
TI proteins were prepared from seeds of JI 2, a genotype containing 
high concentrations of seed TI [8]. Protein enriched in TI was prepared 
by ammonium sulphate fractionation and gel-filtration chromatogra- 
phy of extracts from dry seeds [5]. Individual TI polypeptides were 
separated by ion-exchange chromatography on Mono Q columns 
(Pharmacia) in 50 mM Tris, pH 7.5, using a NaC1 gradient, followed 
by electroelution from preparative non-denaturing gels for the separa- 
tion of some TI [5,7]. Electroeluted TI samples were re-chromatogra- 
phed on Mono Q columns. For affinity chromatography, TI-enriched 
protein was dialyzed against water, freeze-dried and dissolved in 0.05 
M sodium acetate, pH 5, containing 0.02 M calcium chloride (binding 
buffer). Aliquots of protein (approx. 1.5 mg in 300 ltl binding buffer) 
were loaded onto 1 ml anhydrotrypsin affinity columns (Pierce and 
Warriner) which were then washed extensively with binding buffer. 
Unbound protein was retained and subsequently re-loaded onto affinity 
columns. Bound proteins were eluted with 10 ml 0.1 M formic acid, pH 
2.5, dialyzed against water and concentrated byfreeze-drying. Samples 
were analyzed by PAGE and on 20% polyacrylamide g ls in the pres- 
ence of SDS (SDS-PAGE). In the latter case, samples were denatured, 
reduced and alkylated, using SDS, dithiothreitol and iodoacetamide, 
respectively [5]. For sequence analysis, TI polypeptides were pyridyleth- 
ylated and blotted onto Problott membranes after SDS-PAGE [5]. 
2.3. Preparation of RNA 
Total RNA or poly(A)-containing RNA was prepared from pooled 
embryos at given developmental stages and analyzed by dot-blot and 
Northern hybridization, as previously described [9,10]. 
2.4. Isolation and analysis of pea TI cDNAs 
A cDNA library was prepared, using total poly(A)-containing RNA 
from seeds of cv. Birte at late stages of development [8] and an Amer- 
sham cDNA synthesis kit. The cDNA was cloned by ligation into 
SmaI-restricted pUC 19 and transformed into competent E. coli DH5c~ 
cells, using standard procedures. The library was screened using redun- 
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dant oligonucleotide probes corresponding to portions (ACCDTC and 
NPPTCRC) of the determined N-terminal sequence ofpea seed TI [5]. 
Probes were labelled, using [T-32p]ATP and T4 kinase, and hybridized 
to filters in 6x SSC, 4x Denhardts at 40°C. Filters were washed twice 
for 30 min in 6x SSC, 0.1% SDS at 30°C. Homology between positive 
clones and TI polypeptides was confirmed by sequence analyses. An 
insert was prepared from one selected clone, pTI4-41, by plasmid iges- 
tion with EcoRI and PstI and labelled, using [32p]dCTP and an oligola- 
belling kit (Pharmacia). This probe was used to screen a larger cDNA 
library, prepared as before, but using poly(A)-containing RNA, from 
pea seeds at very late developmental stages, which was size-fractionated 
[11] and enriched for RNA of the predicted appropriate size. Further 
TI clones were identified and a total of seven clones elected for se- 
quence analyses. Dideoxy chain termination sequencing was performed 
either manually using [35S]dATP and a T7 sequencing kit(Pharmacia), 
or using ALF (Pharmacia). 
2.5. Genomic DNA analyses 
Genomic DNA was prepared from pea leaves and purified by centrif- 
ugation on CsC1 gradients [12]. Pea DNA was digested with HindIII 
and 5/.tg samples run on 0.8% agarose gels along with 1, 2 and 5 gene 
copy number equivalents ofEcoRI-restricted pTI4-41. The DNA was 
blotted to nitrocellulose and hybridized [13] to labelled insert from 
pTI4-41 (see above). Blots were washed twice in 0.5x SSC, 0.1% SDS 
at 65°C and exposed to pre-flashed X-ray film at -70°C. Autoradio- 
graphs were scanned using a Joyce-Loebl Chromoscan and amounts of 
hybridization topea DNA were quantified relative to those of the copy 
number equivalents. 
2.6. Electrospray mass pectrometry (ESMS) 
TI samples from anhydrotrypsin affinity columns were dialyzed ex- 
tensively against distilled water. Acetonitrile and formic acid were 
added to final concentrations of 50% and 0.5%, respectively, and sam- 
ples (20 pl) introduced into a mass pectrometer (VG Platform, Fisons 
Instruments) at a flow rate of 10 pl per min. Samples were run in 
positive ion mode. Molecular weight values were calculated from an 
average of 12 scans, using VG MassLynx software. 
3. Results 
3.1. Developmental analyses of TI protein and mRNA 
When extracts from dried mature pea seeds are analyzed 
after PAGE for TI activity, several distinct TI can be identified 
in individual pea genotypes [6]. We previously showed that TI 
activity in seeds at maximum fresh weight was considerably less 
than that found in dry seeds and that TI activity increased 
during desiccation [8]. Analysis of seed TI polypeptide patterns 
before, at, and after maximum fresh weight showed that, in all 
lines examined, two TI polypeptides were detected at first, with 
additional polypeptides appearing during the desiccation phase 
(Fig. 1A). Thus an increase in TI activity during desiccation 
appeared to be associated with the appearance of particular 
polypeptides. For this reason, RNA from seeds at very late 
stages of development was used for the isolation of TI cDNAs. 
The TI cDNA clone, pTI4-41, was used in dot-blot and North- 
ern analyses of RNA from developing pea seeds. Fig. 1B shows 
that TI mRNA increased up to maximum fresh weight and that 
levels decreased uring seed desiccation i  JI 516 and JI 868. 
In JI 2, where more stages were examined, TI mRNA levels 
increased slightly just after maximum fresh weight and were 
maintained before decreasing. The quantitative difference in 
hybridization between JI 2/JI 516 and JI 868 reflects the differ- 
ences in TI activity found in seeds of these genotypes; JI 868 
is a low TI line [8]. Northern blot analyses showed that, at late 
stages of seed development, TI mRNA showed little sign of 
degradation, although levels were reduced at these stages com- 
pared to seed at maximum fresh weight (Fig. 1C). These data 
show that the appearance of new TI isoforms during desicca- 
tion is not associated with an overall increase in TI mRNA, 
although the RNAs encoding individual TI may be present in 
altered proportions at different stages of development. 
3.2. Structure of the TI cDNAs 
Sequence analyses of two full-length and five partial TI 
cDNA clones selected from libraries constructed using RNA 
from cv. Birte showed that the cDNAs belonged to two groups 
and that the members of each group were very likely to repre- 
sent one gene product, with differences inmRNA length within 
each group being attributable to the use of different polyad- 
enylation signals. The amino acid sequences deduced from the 
cDNAs are shown in Fig. 2A and B. Fig. 2A shows the deduced 
mature protein sequences corresponding to the two cDNA 
groups. A total of five amino acid substitutions are evident, 
three of which result in alterations at or near each of the two 
active sites of these double-headed inhibitors. The 3' untrans- 
lated regions of the two types of cDNA were highly conserved 
with only three nucleotide differences (C---> T) evident in the 135 
bases common to all members examined. Only in the extreme 
3' sequence before the poly(A) tail of the longest wo mRNA 
which were cloned, was there any appreciable sequence diver- 
gence between the two groups (five differences in 17 bases). The 
predicted Mr of the two proteins (Fig. 2A) is 7861 and 7960, 
in agreement with the range of Mr reported for other homolo- 
gous double-headed inhibitors of the Bowman-Birk class [1,14]. 
The complete deduced amino acid sequences of the TI clones 
shows that the TI are synthesized as precursor polypeptides. 
The full-length cDNAs predicted a precursor of Mr 12,597, 
containing a long N-terminal extension of 42 amino acids (Fig. 
2B) before the N-terminal glycine which was determined for the 
mature proteins (Fig. 2D) [5]. This extension is appreciably 
longer than generally reported for the signal peptides of storage 
proteins or other inhibitors of the Bowman-Birk class [15-18]. 
However, a long pre-sequence has been reported for a cowpea 
inhibitor [19], and confusion in the literature over the exact 
length of pre-sequences can be attributed to uncertainty over 
the selection of initiator methionyl codons [19], as well as uncer- 
tainty over cleavage sites [18]. In the pea pre-sequence, five 
methionyl residues were predicted by the first 87 nucleotides. 
However, only the first (Fig. 2B) would be considered favoura- 
ble as an initiator, based on the three preceding nucleotides 
(Fig. 2C) [20]. 
The 5' untranslated sequence preceding the presumed initia- 
tor codon is shown in Fig. 2C. This GA-rich sequence contains 
an intra-strand pallindrome (nucleotides 1-19). 
3.3. Gene copy number analyses 
Fig. 3 shows the variant hybridization patterns observed 
among selected pea lines when genomic DNA was hybridized 
with the insert from pTI4-41 (lanes d-j). Quantitation of the 
hybridization signal showed that there was no consistent differ- 
ence among pea lines, whether having high (lanes d,e,f,i), low 
(lanes g,h) or intermediate (lane j) levels of seed TI. Compari- 
son of the amount of hybridization to pea DNA with that to 
quantities of pTI4-41, equivalent to 1, 2 and 5 gene copies per 
haploid pea genome (Fig. 3a-c), indicated that the number of 
TI genes per haploid genome was approximately two 
(1.99+0.54). It is unlikely, therefore, that cDNAs, other than 
those identified as being representative of two gene products 
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Fig. 1. Developmental analyses of TI polypeptides and their mRNAs. (A) PAGE analyses of TI polypeptides at three stages of seed development 
in the genotypes JI 2, JI 516 and JI 868. Three stages are shown in every case: maximum fresh weight and early and later stages of desiccation (left, 
middle and right panels, respectively). Gels were stained for trypsin activity and clear zones represent areas of trypsin inhibition. The genotype JI
868 contains low levels of seed TI and more extract was analyzed in this case than for JI 2 and JI 516. (B) Dot-blot analyses ofTI mRNA accumulation 
during seed development in JI 2, JI 516 and JI 868. Duplicate samples of total RNA from seed of increasing maturity are shown (left to right). An 
asterisk denotes the stages at which maximum fresh weight was achieved. (C) Northern blot analyses of TI mRNA during seed development in cv. 
Birte. Poly(A) RNA samples from embryos of 300-400 mg (a), 40~500 mg (b), 500-600 mg (c), (d), 500-400 mg (e), 400-300 mg (f) and from dry 
seed (g) were analyzed; e g represent stages through desiccation. Glyoxalated 2 DNA fragments were used as markers. 
(see section 3.2), existed in the cDNA libraries. Furthermore, 
these data indicate that all the pea lines analyzed (Fig. 3d-j) 
contain a very similar number of TI genes. 
3.4. Protein sequence analyses 
We previously found no heterogeneity among the first thirty 
determined residues of two TI (TI1 and TI2) from seeds of JI 
2 [5]. The N-terminal sequences of two further TI from JI 2 (TI4 
and TI5; see Fig. 4) were determined as far as residue 32 (Fig. 
2D). No heterogeneity was observed at any position for these 
two TI, and the determined sequences were identical to those 
of TI1 and TI2 [5]. The TI from JI 2 do not show the heteroge- 
neity observed at positions 18 and 28 of the deduced mature 
proteins of cv. Birte (Fig. 2A) and represent a chimaera be- 
tween the two cv. Birte sequences in having N and G residues 
at positions 18 and 28, respectively. Because JI 2 contains 
relatively high levels of TI protein [5,8], and because the individ- 
ual TI were identical over the first thirty residues (and, there- 
fore, any differences in behaviour could be attributed to the 
C-terminal ends of the protein), these TI were used for further 
analysis and molecular weight determination by electrospray 
mass spectrometry (ESMS). 
3.5. Affinity chromatography and ESMS 
Purification of the four major individual TI from JI 2 (Fig. 
4, lane a) by ion-exchange chromatography and electroelution 
18 
from gels showed that TI1 and TI2 had similar M r on SDS- 
PAGE (lanes f,g) and that TI4 and TI5 also had similar M r on 
SDS-PAGE (lanes d,e) but were distinct from TI1 and TI2. 
When a mixture of the individual TI was analyzed by SDS- 
PAGE (data not shown), two bands only were resolved, the 
slower migrating band containing TI 1 and TI2 (Fig. 4, lanes f,g) 
and the faster containing TI4 and TI5 (lanes d,e). When protein 
from JI 2 enriched in total TI (Fig. 4, lane a) was passed 
through anhydrotrypsin affinity columns and the bound pro- 
tein analyzed by SDS-PAGE, two bands were apparent (lane 
i). These two bands were present in relative intensities that 
depended on the extent o which the affinity columns were 
loaded. When the capacity of the columns was exceeded, TI4 
and TI5 were always the predominant bound TI, as shown by 
PAGE and SDS-PAGE (Fig. 4, lanes c,i). When unbound pro- 
tein from the first passage of samples through the columns was 
re-loaded onto columns (from which the primary bound pro- 
tein had been eluted), the bound TI consisted primarily of TI1 
and TI2 (Fig. 4, lanes b,h). These observations suggested a 
stronger affinity for trypsin by TI4 and TI5 than by TI1 and 
TI2. Since TI4 and TI5 appear later during JI 2 seed develop- 
ment han TI1 and TI2 (Fig. 1A), the different behaviour of the 
two groups on affinity columns allowed for the separation and 
purification of the developmentally distinct groups with relative 
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GDDVKSACCD TCLCT~DPPo TCRCVDVGETo CHSACDSCIC A~oSYP~CQC 
FDTHKFCYKA CHNSEVEEVI KN 
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Fig. 3. Hybridization of the insert from pTI4-41 to a Southern blot 
containing 1(a), 2 (b) and 5 (c) gene copy equivalents per haploid pea 
genome of linearized pTI4-41, and containing HindIII-restrieted 
genomic DNA from JI 2 (d), JI 102 (e), JI 516 (f), JI 868 (g), JI 1298 
(h), JI 2338 (i) and cv. Birte (j). The sizes of DNA markers are shown 
(kb) 
i GDDWSACCD TCLCT~%~PP TCRCVDVR~T. C.S^CDSCI~ ~%FP~CQC 
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O 
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Fig. 2. Pea TI sequences. (A) Two mature TI proteins from cv. Birte 
as deduced from the two types of cDNA. Clones corresponding to the 
upper sequence were pTI4-41, pTI5-72, pTI6-49 and pTI10-30; pTI5-72 
and pTI6-49 appeared to be full-length. Clones corresponding to the 
lower sequence were pTI7-43, pTI12-36 and pTI14-6. The DNA se- 
quences ofpTI5-72 and pTI 12-36 correspond toEMBL database acces- 
sion numbers X83210 and X83211, respectively. (B)The N-terminal TI 
pre-sequence d duced from pTI5-72 and pTI6-49. (C) The 5' untrans- 
lated sequence in pTI5-72 and pTI6-49 preceding the pre-sequence 
shown in B. (D) The determined N-terminal protein sequence for TI 
from JI 2. Dots show the differences among the amino acid sequences 
of the mature TI; arrowheads indicate the positions of active sites 
(A,D). 
ease. The two TI samples from affinity columns (Fig. 4 lanes 
b,h and c,i) were subjected to ESMS and the molecular weights 
calculated as 7834.5 + 0.5/7843 + 0.6 and 6806.1 + 0.3/ 
6813.0 + 1.1, respectively, for TIll2 and TI4/5. Allowing for 
disulphide bond formation, the TIll2 values are close to those 
predicted from the cDNA sequences. The difference in molecu- 
lar weight between the two groups is consistent with the re- 
moval of the nonapeptide SEVEEVIKN from the C-terminus 
of the predicted TI sequences (Fig. 2A). Loss of this peptide 
would reduce mobility on PAGE, as has been observed for 
TI4/TI5 (Fig. 4a). These data strongly suggest that TI4 and TI5 
are derived from TI1 and TI2 by C-terminal processing and 
that this processing is responsible for the increased affinity of 
the former two for the target enzyme, trypsin. 
4. Discussion 
The two pea TI sequences reported here show a high degree 
of similarity, both in their coding and non-coding 3' regions, 
which suggests hat they arose through arelatively recent dupli- 
cation event. The two predicted mature TI proteins are very 
similar to each other with only five substitutions among the 
seventy-two predicted amino acid residues; three of the substi- 
tutions involve charged residues which would allow distinction 
of the TI on PAGE. Both TI show two active sites, with the first 
predicted to be active against rypsin and the second against 
chymotrypsin. Inhibitors of this class have been reported to 
possess active sites which are specific for the same or for two 
different enzymes, and inhibitors which are active only against 
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Fig. 4. Analysis by PAGE (a~c) or SDS-PAGE (&i) of TI preparations from JI 2. Non-denaturing gels were stained for trypsin activity. SDS-gels 
were stained with Coomassie blue. The positions of TI4, TI5, TI1 and TI2 on PAGE are shown in lane a and the mobilities of partially purified 
preparations of TI4, TI5, TI 1 and TI2 on SDS-PAGE are shown in lanes d-g, respectively. TI purified by anhydrotrypsin affinity chromatography 
is shown in lanes b and c (PAGE) and in lanes h and i (SDS-PAGE); the primary bound TI is shown in lanes c and i, whereas that obtained by 
re-loading unbound samples is shown in lanes b and h. Molecular weight markers are shown for the SDS-PAGE analyses (lanes d-i); however, TI 
polypeptides, even when alkylated, migrate anomalously on SDS-PAGE, with apparent Mr approx. 14,000, after iodoacetamide tr atment. 
trypsin [19] or deduced to be active only against chymotrypsin 
[! 8] have been reported. The two active sites may have different 
biological significance; for example, the trypsin inhibitory site 
may be more important in protective functions against pest 
attack [19], whereas the chymotrypsin site may be of greater 
importance in the prevention of animal tumour development 
[21]. However, a wound-induced sequence, deduced to be active 
only against chymotrypsin, has been reported [18], although an 
inhibitor function has not been shown for this protein. 
The synthesis of pea TI as long precursors suggests that they 
may be targetted to sub-cellular compartments. However, the 
sub-cellular location of TI is not clear in most species examined 
and reports of random distribution may reflect difficulties with 
raising high-titre antibodies to these proteins. The pea pre- 
sequence is unlikely to be simply a signal sequence [22], based 
on the expected cleavage between N and G residues in the pea 
TI (Fig. 2A and B). It is possible that the TI are maintained 
initially as pro-proteins in order to prevent premature biologi- 
cal activity. The physiological functions of TI are largely un- 
known; one hypothesis i  that they interact with endogenous 
enzymes and either protect he latter or prevent their premature 
action on storage products [23,24]. The final processing step at 
the N-terminal end of the pea TI precursors may involve the 
same endopeptidases as have been implicated in the processing 
of several diverse plant pro-proteins, involving N/G cleavage 
in some cases [25-27]. 
The detection of TI rnRNA in dry seed RNA suggests that 
TI mRNA is relatively stable. It is not clear whether such stored 
mRNA are utilized and translated on germination. The GA- 
rich 5' sequence (Fig. 2C) may contribute to the stability of 
these RNAs and, as such, could be important in the quantita- 
tive control ofTI gene expression at the Tri locus [6] in different 
pea genotypes (Fig. 1B). An increase in TI activity during the 
very late stages of pea embryogenesis is associated with the 
appearance of TI isoforms which are distinct from those first 
detected uring embryo development (Fig. 1). Gene copy num- 
ber and sequence analyses uggest the existence of two TI genes 
per haploid pea genome, and it is likely, therefore, that the first 
two T1 detected uring embryo development represent he 
products of these two genes. Purification of pea TI and ESMS 
molecular weight determinations suggest hat the TI which 
appear later are shorter than the complete polypeptide by nine 
amino acids, in agreement with the greater and reduced mobil- 
ities observed for the later polypeptides on SDS-PAGE and 
PAGE, respectively. Although the present study explains the 
derivation of the four major T! isoforms in JI 2, further mod- 
ifications must be envisaged to explain the existence of seven 
TI in JI 516 (Fig. 1A) [6]. Comparison of the determined se- 
quences of other inhibitors of the Bowman-Birk class [1,14] 
shows that the N- and C-terminal ends are 'ragged', which 
could reflect proteolytic processing at both ends. The C-termi- 
nal processing which gives rise to TI4/5 is expected to involve 
cleavage between N and S residues (positions 63 and 64; Fig. 
2A) and this is likely to be a precise cleavage, based on the 
consistent patterns of T1 observed in dry seed of particular 
genotypes [6]. The late appearance of the C-terminally proc- 
essed TI means that this processing is unlikely to be effected 
by the same enzymes that are involved in N-terminal process- 
ing. Although cleavage between N and S residues has not been 
documented for a castor bean vacuolar processing enzyme with 
the ability to process a wide variety of proteins with exposed 
asparaginyl residues [26,28], a jack bean asparaginyl endopepti- 
dase has been shown to cleave between N and S residues [25]. 
In this study, the C-terminally processed TI were bound 
20 C. Domonev et al./FEBS Letters 360 (1995) 15-20 
preferentially by affinity columns. The behaviour of the non- 
homologous oybean Kunitz and Bowman-Birk inhibitors on 
anhydrotrypsin affinity chromatography has been shown to 
reflect heir association constants with enzymes [29]. The corre- 
lation between C-terminal processing of pea TI and increased 
affinity for target enzymes is important in the context of their 
antinutritional role as well as for the exploitation of TI for the 
protection of crops. In the former case, prevention of process- 
ing would reduce the TI levels in pea seeds considerably. In the 
latter case, if the affinity for insect digestive enzymes is also 
increased, then expression of processed forms would be desira- 
ble. A cowpea TI has been expressed in tobacco and shown to 
protect against insect attack [2,3], but the fate of the TI protein, 
as expressed in tobacco leaves, has not been investigated. Fur- 
ther 'trimming' of TI at N- and C-terminal ends may result in 
TI with increased potency. However, the only conserved fea- 
ture of many of the Bowman-Birk TI is in their number and 
position of cysteinyl residues, which are thought o be impor- 
tant in conferring a high degree of stability to these proteins. 
It is unlikely, therefore, that the proteins could be processed 
beyond the internal core, which contains these highly conserved 
cysteinyl residues, without some loss of potency. 
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